This model includes a minimal extension of the standard model with S 3 and Z 2 symmetries to explain neutrino masses and mixing along with the dark matter phenomenology. Neutrino phenomenology is explored, consistent with the 3σ observation of oscillation parameters and a nonzero reactor mixing angle (θ 13 ) is obtained. The S 3 singlet Majorana neutrino couples to the third generation of leptons, gives a correct relic density compatible with the Planck data.
I. INTRODUCTION

II. THE MODEL FRAMEWORK
Here, we discuss the particle content and corresponding group charges of the lepton sector. The extension of the SM (SU (3) × SU (2) L × U (1) Y )) with the simplest non-abelian discrete flavor symmetry, S 3 , and the abelian symmetry Z 2 is discussed in addition to three right handed neutrinos (N (1,2,3)R ) and two Higgs doublets to explain the neutrino phenomenology, dark matter and lepton flavor violating decays. Particle spectrum of this framework transform as irreducible representations of S 3 group. First two generations of the left and right fermions of the model transform as a doublet under S 3 , where, the third generations remain as singlets. Three Higgs doublets corresponding to three generations, also transform in a similar way. Third generation right-handed neutrino and Higgs are imposed to be odd under Z 2 , where, the lightest mass eigenstate could be suitable DM candidate.
H 3 (0, 2, 1) 1 −1 
A. Scalar Potential and symmetry breaking
As this model retains three electroweak Higgs doublets, one can write the interaction potential as following [40] - [45] third Higgs being odd under Z 2 , does not acquire any vacuum expectation value (VEV). Multi Higgs models give rise to tree level flavor changing neutral current, which can be avoided by a heavy Higgs mass of order TeV. This scale can not be achieved by the electroweak symmetry breaking. Therefore, the explicit symmetry breaking term is introduced in the potential, which leads to a mixing between the first two Higgs doublets. Apart from the symmetry breaking, the stability conditions of the scalar potential by using the co-positivity criteria [46] are given below λ 1 + λ 3 ≥ 0, λ 8 ≥ 0,
(2)
B. Higgs masses and mixing
Here, we can write the mass basis of the first two Higgs doublets by orthogonal rotation of flavor states as following [47] ,
here, H L = H 1 cos β − H 2 sin β and H H = H 1 sin β + H 2 cos β, and β is the Higgs mixing angle. The Higgs doublets in the mass eigenstate are written in an electroweak doublet form as
Here, H L is the SM like Higgs and the alignment of vacuum expectation value leads to v = √ v 1 2 + v 2 2 = 246 GeV and tan β = v 2 v 1 . Charged and CP odd components of H L will be absorbed by the SM gauge bosons to acquire mass in unitary gauge conditions. And rest of the Higgs doublets will have massive CP odd, charged and neutral scalar fields, which will contribute to the phenomenology of this model. As previously mentioned, the extra Higgs fields should be much heavier to suppress the tree level FCNC, which can achieved by the finetunning of the explicit symmetry breaking parameter. The third Higgs doublet being odd under Z 2 , would not have direct interaction with the three generations simultaneously and hence does not contribute to the FCNCs. The masses of the heavy Higgs will be of order TeV, which can be approximated as
2β) and the SM like Higgs will have a squared mass of O(v 2 ). The mass of the inert Higgs is adjusted to study the DM phenomenology in later sections.
C. Interaction Lagrangian and Leptonic mixing matrices
To discuss the model phenomenology, we started with the particle content and their corresponding group charges with respect to the SM and S 3 × Z 2 symmetries in Table I . The Yukawa interaction Lagrangian for charged and neutral sectors, that involves the new scalars and fermions in the current framework is given by [38] , [47] ,
Before discussing the neutrino mixing, we start with the full mass matrix of well known type I seesaw in the basisÑ = (ν c L , N R ) T , which is given by
Furthermore, in this context, we consider the light neutrino mass formula well described by the known type I seesaw mechanism as,
From the interaction Lagrangian in Eq.(5), we can write the flavor structure of Dirac mass matrix for neutral and charged leptons as following.
III. NEUTRINO MASSES AND MIXING
In order to study the neutrino oscillation phenomenology, we consider the results of oscillation parameters by using the 3σ observations, which are represented in Table II . The standard neutrino mixing matrix is provided below 
Here, c ij = cos θ ij and s ij = sin θ ij are the mixing angles and δ, α and β are the Dirac and Majorana phases respectively. The above experimental data gives rise to two scenarios of neutrino masses: the Normal Hierarchy: m 1 << m 2 << m 3 and the Inverted Hierarchy: m 3 << m 1 << m 2 . In Table II ∆m 2 21 is known as the solar mass square difference and ∆m 2 23 and ∆m 2 31 are the atmospheric mass squared differences for different hierarchies quoted.
A. Diagonalization of neutrino mass matrix
The Dirac mass matrix in Eq.(7) is modified after the rotation and VEV alignment of the Higgs fields. Therefore one can write the type I seesaw neutrino mass in Eq.(6) from the modified Dirac mass as following
The above mass matrix can be diagonalized by an unitary eigenvector matrix with mass eigenvalues are given by
We can have the third generation neutrino to have a vanishing mass eigenvalue after diagonalization. Even though two mass parameters of the neutrinos are enough to explain the neutrino oscillation data, we can still allow a Majorana mass term for the third neutrino by radiative correction, shown in Fig.1 . The expression for the radiatively generated neutrino mass is given by [49] - [52] 
FIG. 1: Radiatively generated third generation neutrino mass.
Here, M h 0 3 and M a 3 are the masses of the CP even and odd component of the inert Higgs. Under the approximation of
, the above expression reduced to a simplified form,
The mass splitting between the CP odd and CP even component is given by
The mixing matrix that diagonalizes the Majorana mass matrix of the neutrino is constructed from the eigenvectors of the neutrino mass matrix and is given as following
The squared charged lepton mass matrix can be diagonalized by unitary transformation as
. The mixing matrix for the squared charged lepton masses can be obtained by solving the characteristic equation [37] ,
Here, x = me mµ , and z = . Therefore the standard U PMNS mixing matrix for this model The neutrino mixing angles can be found from the above mixing matrix by comparing with the standard U PMNS matrix, which are given as following
As per the mentioned parameter entries of the mixing matrix in Eq.(16), one can infer a nonzero value of reactor mixing angle (θ 13 ) provided in Eq. (19) .
We discuss the dependence of various Yukawa coupling, which are consistent with the 3σ estimation of current neutrino oscillation data. We found from Fig.2 , that the values of Yukawa coupling greater than 2 × 10 −6 are excluded by the cosmological observation of total neutrino mass [31] . The third generation neutrino acquires a radiative mass from the Yukawa coupling y 5 , which is required to be order of 1 to satisfy the correct DM relic and also lie within the bounds of neutrino data, presented in Fig.3 . Fig.4 displays a direct correlation of the Yukawa coupling y 1 with the active neutrino masses and the coupling y 3 consistent with the experimental observations.
IV. DARK MATTER
This model allows the lightest right handed neutrino to be a dark matter candidate, which is stabilized by the Z 2 symmetry. Here the dark matter is allowed to have only scalar and lepton mediated t-channel annihilation process, which contribute to the relic density. The relic abundance of DM, can be obtained from the solution of the Boltzmann equation
here, n eq DM is the equilibrium number density of DM, H stands for the Hubble expansion rate of the Universe. σv is the thermally averaged annihilation cross section of DM and can be written in terms of partial wave expansion as σv = a + bv 2 . Numerical solution of the the Boltzmann equation gives [53, 54] 
where, x F = M DM /T F , T F is the freeze-out temperature, M DM is the mass of dark matter, g * is the total relativistic degrees of freedom at the time of freeze-out and and M Pl ≈ 1.22 × 10 19 GeV is the Planck mass. DM with electroweak scale mass freeze out at temperature approximately in the range x F ≈ 20 − 30. Where, x F can be calculated from the relation below As the Majorana DM has only interaction with the third generation lepton the corresponding Yukawa coupling plays an important role in the relic density perspective. The t-channel interactions mediated by the inert scalar and third generation leptons dominantly contribute to the relic density. In Fig.6 , one can infer that the correct relic can be achieved with a large Yukawa coupling of order 1 with a DM mass (M DM , which is defined as M 3R in the previous sections) more than 300 GeV. [25] and LUX [26] data. Here, the right panel shows the parameter space for DM mass and the corresponding Yukawa coupling, allowed by the observed 3σ value of relic density.
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A. Loop Level Direct Searches
Since the only interaction of the Majorana DM with the SM particles is through the Yukawa coupling, tree level direct detection process is not allowed in this model. But still the one loop effective interaction with the nucleus is possible through the availed couplings of DM. As the mixing of the Z 2 odd scalar with SM Higgs is not possible, the gauge boson mediated direct detection processes dominates in this framework. Mediation of Z boson leads to an effective axial vector interaction χ q N 3R γ µ γ 5 N 3Rq γ µ γ 5 q [56] . Here,
With g l = − g 2 cos θw ( 1 2 − 2 sin 2 θ w ), a l = − g 4 cos θw , g ν = a ν = g 4 cos θw , a q = 1 2 (− 1 2 ) for q = u, c, t(d, s, b). Where, g and θ w are the gauge coupling and Weinberg mixing angle respectively. The loop function F (x) is given by
The spin dependent cross section of the nucleon is given by
Here, m N and J N are the mass and spin of the nucleon respectively and χ T = q=u,d,s ∆ q χ q . Where, ∆ q s are quark spin functions and are measured as ∆ u = 0.842, ∆ d = −0.427, ∆ s = −0.085 [57] . 
V. COMMENT ON LEPTON FLAVOR VIOLATION
Lepton flavor violating decay processes have achieved a decent attention in current times [58] - [63] . With the efforts of many experiments to search for these rare signals, few of them have provided a stringent upper limits on these decay modes. In this framework, µ → eγ decay process seems to be important, which is measured with less background from experimental perspective. The observed upper bound on the branching of this decay is Br(µ → eγ) < 4.2 × 10 −13 from MEG collaboration [64] . In this context, we can have additional contribution to this decay l α → l β γ with TeV scale right handed neutrinos and Higgs. The branching ratio for this decay is given by [65] 
where, G F ≈ 10 −5 GeV −2 is the Fermi coupling constant and α is the electromagnetic fine structure constant. A D is the dipole contribution, which is given by
Here, Y ν H and M h H are the Yukawa coupling matrix [38] and mass corresponds to the heavy Higgs. f (x) is the loop function, with x = 
A common parameter space for the Yukawa coupling of two Heavy right-handed neutrinos from the neutrino mass is obtained, which satisfies the LFV constraints in one loop level flavor violating rare decay. To have a consistent LFV data one can infer from Fig.10 that the heavy Higgs mass should be of similar order with the right fermion masses.
VI. SUMMARY
In this article, an attempt has been made to explain neutrino mixing and dark matter phenomenology with a simplest permutation symmetry S 3 extension of standard model. In the current scenario, the specific structure of the neutrino mass matrix in tree level leaves one of the active neutrino to be massless. Hence like the scotogenic model, the radiative mass term for the mentioned neutrino is generated in one loop level, where, the loop is mediated by the odd particles. We constrained various model parameters as per the current 3σ observation of the neutrino oscillation. This model naively predicts a nonzero θ 13 , which is experimentally evidenced. Apart from the neutrino mixing, this model includes a Majorana dark matter candidate, which is stabilized by the Z 2 symmetry. The dark matter satisfies a correct relic as per the 3σ limit of Planck data, for a large Yukwa coupling of O(1) and a small λ 7 , which retains the compatibility of observed neutrino oscillation data. As the Majorana fermion does not directly interact with the standard model quarks, one loop direct detection is discussed, which lies under the allowed bounds of LUX(2017) and PICO-60(2017) . On the other hand, the TeV scale right-handed neutrinos and the heavy Higgs opens an option for the lepton flavor violating decay constraints from µ → eγ. Therefore this model seems to be interesting with a rich phenomenology to explain neutrino mass, dark matter and Lepton flavor violation constraints simultaneously and such a low scale new particles opts a future direction for the collider experiments.
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